In the context of a strongly coupled Electroweak Symmetry Breaking composite light scalar singlet and composite triplet of heavy vectors may arise from an unspecified strong dynamics and the interactions among themselves and with the Standard Model gauge bosons and fermions can be described by a only be produced at the LHC via gluon fusion mechanism since this state is absent in the Drell-Yan process. It is also found that the V + V − final state production cross section via gluon fusion mechanism is comparable with the V + V − Drell-Yan production cross section.
top quark in the triangular loop followed by a scalar propagator. The production of the V + V − and V 0 V 0 final states at the LHC by gluon fusion mechanism is studied in the region of parameter space consistent with the unitarity constraints in the elastic channel of longitudinal gauge boson scattering and in the inelastic scattering of two longitudinal Standard Model gauge bosons into Standard Model fermions pairs. The expected rates of same-sign di-lepton and tri-lepton events from the decay of the V + V − and V 0 V 0 final states are computed. It is very relevant the fact that the V 0 V 0 final state can only be produced at the LHC via gluon fusion mechanism since this state is absent in the Drell-Yan process. It is also found that the V + V − final state production cross section via gluon fusion mechanism is comparable with the V + V − Drell-Yan production cross section.
1 Introduction and statement of the problem.
One of the most important issues to be settled by the LHC is whether the dynamics responsible for Electroweak Symmetry Breaking (EWSB) is weakly or strongly coupled. A weakly coupled dynamics describing the mechanism of the Electroweak Symmetry Breaking is provided by the Standard Model and its Supersymmetric extensions. In the Standard Model, the existence of one Higgs doublet is assumed in order to explain the generation of the masses of all the fermions and bosons. In addition to the 3 eaten up Goldstone bosons, the Higgs doublet contains one physical neutral scalar particle, called the Higgs boson, which is crucial for keeping under control unitarity in the elastic and inelastic channels of the gauge boson scattering and which allows us to extrapolate a weakly coupled model up to the Planck
scale. A light Higgs boson can also successfully account for the Electroweak Precision Tests (EWPT).
In spite of the very good agreement of the Standard Model predictions with experimental data, the Higgs boson is yet to be detected experimentally. Therefore one can say that the mechanism of Electroweak Symmetry Breaking responsible for the generation of the masses of all fermions and bosons remains to be explained. Moreover, the Standard Model has the hierarchy problem, which is the instability of the mass of the Higgs field against quantum corrections, which are proportional to the square of the cutoff. This means that in a quantum theory with a cutoff at the Planck scale Λ ≃ 10 19 GeV, the Higgs boson mass will have quantum corrections that will raise it to about the Planck scale unless an extreme fine-tuning of 34 decimals is performed in the bare mass. This is the naturalness problem of the Standard Model.
As there is no experimental evidence for a These problems can be overcome if one considers EWSB mechanisms in the framework of strongly interacting dynamics, where the theory becomes non-perturbative above the Fermi scale and the breaking is achieved through some condensate. In the strongly interacting picture of EWSB, many models have been proposed, which predict the existence of composite particles, e.g. composite scalars [6, 7, 8, 9, 10, 11] , composite vector resonances [12, 13, 14, 15, 16, 17, 18] , composite scalar and vector resonances [19, 20] and composite fermions [21] . The spin-0 and spin-1 resonances predicted by these models play a very important role in controlling unitarity in longitudinal gauge boson scattering up to the cutoff Λ ≃ 4πv.
For appropiate couplings and masses, the composite resonances can also account for the Electroweak Precision Tests. Furthermore, a composite scalar does not have the hierarchy problem since quantum corrections to its mass are saturated at the compositeness scale.
In the most general framework of strongly interacting dynamics for Electroweak Symmetry Breaking, one can have composite resonances which could be spin-0, spin-1/2 and spin-1 states. These composite particles are bound states of more fundamental constituents which are held together by a new strong interaction. Here I consider the case in which the strong dynamics responsible for EWSB, gives rise to a triplet of composite vectors V a belonging to the adjoint representation of the SU (2) L+R custodial symmetry group and to a composite scalar singlet h. In this context, I introduce in Section 2 the relevant
Lagrangian which describes the composite scalar singlet and the composite triplet of heavy vectors with masses below the cutoff Λ ≃ 4πv ≈ 3 TeV, the interactions among themselves and with the SM gauge bosons and SM fermions. Since in this general framework, the SM fermions have (proto)-Yukawa interactions with the light composite scalar, which also interacts with a heavy composite vector pair and considering the large rate of gluons at the LHC, the top quark effects will be relevant for the vector pair production at the LHC via gluon fusion mechanism through a triangular loop followed by a scalar propagator. Because of this reason, in this context the vector pair production via gluon fusion mechanism can compete with the vector pair production via Drell-Yan annihilation discussed in [18] . It is of particular relevance the presence of the V 0 V 0 final state in the gluon fusion mechanism, which is absent in the Drell-Yan process. In Section 3, the squared amplitudes for the composite heavy vector pair production via gluon fusion mechanism summed over the polarization and color states are computed. In Section 4, the total cross sections for the production of the V + V − and V 0 V 0 final states at the LHC are computed for different values of the parameters. The discussion of the phenomenology of the same-sign dileptons and trilepton events at the LHC for an integrated luminosity of 100 fb −1 is presented in Section 5. The conclusions are given in Section 6.
2 Chiral Lagrangian with massive spin one fields, scalar singlet and SM fermions.
The starting point is the usual lowest order chiral Lagrangian for the
Goldstone fields with the addition of the invariant kinetic terms for the W and B bosons [18] :
where
being U the matrix which contains the Goldstone boson fields π a with a = 1, 2, 3, the τ a are the ordinary Pauli matrices and denotes the trace over SU (2). Now, a heavy spin-1 state belonging to the adjoint representation of SU (2) L+R is considered, so that
Lagrangian for the heavy spin-1 fields is given by
The field strength tensorV
with the connection Γ µ given by
Assuming that the new strong dynamics is invariant under parity, the interaction Lagrangian of the heavy vector with the SM model gauge fields and with the Goldstone bosons is given by [20] :
A composite scalar singlet which could be a Strongly Interacting Light Higgs (SILH) boson in the context of [9] or a more complicated object arising from an unknown strong dynamics is also considered. The Lagrangian which includes the kinetic and mass terms for the scalar as well as the interactions of this scalar with the Goldstone bosons, SM gauge fields and SM fermions is given by [22] :
where λ u ij and λ d ij are the up and down type quarks Yukawa couplings, respectively. The Lagrangian L h−V which describes the interaction between the scalar and the heavy vector V is [20] :
Here a, b, c, d, g V and g K are dimensionless constants 1 .
Summarizing, in the framework of strongly interacting dynamics for EWSB, the interactions among the composite scalar singlet, composite triplet of heavy vectors and the SM gauge bosons and SM fermions can be described by the following model independent
Here the following assumptions have been made:
1. Before weak gauging, the Lagrangian responsible for EWSB has a SU (2) L × SU (2) R global symmetry which is spontaneously broken by the new strong dynamics down to the SU (2) L+R custodial group. The spontaneous breaking of the global symmetry also leads to the breaking of the standard electroweak gauge symmetry, SU (2) L × U (1) Y , down to the electromagnetic U (1). 1 In general c will be a matrix in flavor space, but in the following it is assumed for simplicitly that it is proportional to unity in the basis in which the mass matrix is diagonal. This guarantees the absence of flavour changing neutral effects originated from the tree level exchange of h.
The strong dynamics produces a composite triplet of heavy vectors degenerate in mass belonging
to the SU (2) L+R adjoint representation and a composite scalar singlet under SU (2) L+R .
3. Only one vector triplet V a µ of the SU (2) L+R group has a mass below the cut-off Λ ≈ 3 TeV, while the parity odd heavy vectors are integrated out. The new V states couple to fermions only via SM gauge interactions. 
Gluon Fusion production amplitudes
There are different one loop level contributions to the gluon fusion vector pair production amplitudes.
They are of two types, triangular and box diagrams containing a top quark running in them. The triangular loop can be followed by a scalar propagator, a Z boson propagator, Z and V 0 propagators coupled by the Z-V 0 mixing, π 0 and Z propagators coupled by the π 0 -Z mixing. These possibilities define several one loop level contributions to the gg → V + V − scattering amplitude, proportional to
and g 2 g V α S , respectively. This implies that the only relevant contribution to the gg → V + V − scattering amplitude is the one having the triangular loop followed by a scalar propagator coupled to it. At one loop level, the only top quark triangular diagram contribution to the gg → V 0 V 0 scattering amplitude is the one containing a scalar propagator coupled to the triangular loop. The one loop level box diagrams only contribute to the gg → V 0 V 0 scattering amplitude since they can be followed by a Z boson propagator, π 0 and Z propagators coupled by the π 0 -Z mixing. This implies that at one loop level there are only two box diagram contributions to the gg → V 0 V 0 scattering amplitude, both of them proportional to g 4 g 2 V α S , so that they can be neglected. Then, the only relevant contributions to the amplitudes for the heavy vector pair production by gluon fusion mechanism come from the top quark in the triangular loop followed by a scalar propagator. This implies that the amplitude for the gluon fusion process gg → V + V − is given by the following expression: Besides that, in order to cancel the growth of the ππ →ψψ scattering amplitude with √ s (where ψ denotes a SM fermion in the mass eigenstate), c should satisfy:
It is shown in [20] that the elastic W L W L scattering has a good asymptotic behaviour provided that: The previous conditions imply that the coupling c should satisfy the following relation:
From (3.1) and taking into account that the symmetry factor of the hV 0 V 0 vertex is 2, it follows that the squared amplitudes for the vector pair production via gluon fusion mechanism summed over the polarization and color states are given by:
The gluon fusion vector pair production amplitudes grow as
at high energies. In this case the asymptotic behaviour of the gluon fusion vector pair production amplitudes will have to be improved by introducing a scalar-vector mixing term, with appropiate coupling.
Vector pair production total cross sections via gluon fusion
The final states for the vector pair production via gluon fusion mechanism obviously are the charge states V + V − and V 0 V 0 . The total cross section for the V + V − (V 0 V 0 ) production through gluon fusion mechanism in proton proton colisions with center of mass energy √ S is given by:
where s = xyS, f p/g x, µ 2 and f p/g y, µ 2 are the distributions of gluons in the proton which carry momentum fractions x and y of the proton, respectively. Here µ = √ s is the factorization scale and σ gg→V + V − (s) is the parton level cross section for the process gg → V + V − given by:
being t min and t max given by:
In the expression (4.2), the factor [20] . This implies that the parameters of the gauge model scenario damp the high energy behaviour of the vector pair production amplitudes via gluon fusion mechanism.
It can be seen that the total cross sections at the LHC for the vector pair production via gluon fusion mechanism are small to give rise to a signal for a large region of the parameter space. It is worth to mention that the gluon fusion mechanism is the only process leading to the V 0 V 0 final state that cannot be produced via Drell-Yan annihilation. In the concerning to the production of the V + V − final state via gluon fusion mechanism, its corresponding total cross section is comparable with the V + V − Drell-Yan production cross section, which is independent on the G V coupling and is obtained in [18] . It is also important to mention that a weak coupling G V of the heavy vector with two longitudinal SM gauge 
1000 900 800 700 600 500 3.5 bosons and a strong coupling d of the scalar with the heavy vector pairs favors larger cross sections for the vector pair production via gluon fusion mechanism, since the corresponding squared amplitudes are proportional to
. This implies that deviations from d = 1 will result in a strong increase of the vector pair production cross sections via gluon fusion mechanism.
5 Same-sign di-lepton and tri-lepton events
Since the composite vectors decay mainly into W W or W Z, with branching ratio very close to 1, the final state obtained from the vector pair production via gluon fusion will have four SM gauge bosons.
Considering only the e and µ leptons coming from the W decays, the following table which shows the cumulative branching ratios for at least two same-sign leptons and three leptons in the V 0 V 0 charge configuration, is obtained: Table 2 : Dominant decay mode and cumulative branching ratios for the V 0 V 0 charge configuration. For the same sign di-lepton and tri-lepton branching rations only the e and µ leptons coming from the W decays are considered.
Using the values of the cumulative branching ratios given in Table 2 and reference integrated luminosity of Ldt = 100 fb −1 for the LHC, the total number of same sign di-lepton and tri-lepton events is obtained and shown in Table 3 . These numbers of multilepton events are comparable to those obtained from the decay of composite vector pairs produced via Drell-Yan anihilation. The numbers of multilepton events from the decay of composite vector pairs produced via Drell-Yan anihilation, which are independent on the G V coupling, are given in [18] . Since the vector pair production cross sections via gluon fusion mechanism have a quadratic dependence on d 2 , deviations of the parameter d from d = 1 will lead to a significant increase on the numbers of multilepton events. To see if these events can be made emerge from the SM background, a careful study beyond the scope of this work has to be made. This study should include a detailed analysis with a high cut on the scalar sum H t of all the transverse momenta and of the missing energy in each event probably playing a crucial role.
Summary and conclusions
In the framework of strongly interacting dynamics for EWSB, composite light scalar singlet and triplet heavy vector resonances may exist and the interactions among themselves and with the Standard Model fermions and gauge bosons can be described by a SU (2) L × SU (2) R /SU (2) L+R Effective Chiral Lagrangian. In this framework, the squared gluon fusion vector pair production amplitudes summed over the polarization and color states have been computed by considering that their only relevant contributions arise from the top quark in the triangular loop followed by a scalar propagator. The asymptotic behaviour of the gluon fusion vector pair production amplitudes goes as for M h = 180 GeV and m t = 171.3 GeV, the total cross sections for the production of the V + V − and V 0 V 0 final states at the LHC by gluon fusion mechanism have been computed. These total cross sections are of the order of few f b. It is of remarkable relevance that the only process which produces a V 0 V 0 final state is the gluon fusion mechanism since the V 0 V 0 final state is absent in the Drell-Yan process. The V + V − final state production cross section via gluon fusion mechanism is comparable with the V + V − Drell-Yan production cross section. The V 0 V 0 production total cross section via gluon fusion mechanism is 4 times larger than the V + V − production cross section since the ratio between the symmetry factors for the hV 0 V 0 and hV + V − vertex is equal to 2. These total cross sections can be strongly increased since they depend quadratically on the scalar-vector coupling d. The expected same sign di-lepton and tri-lepton events are of order of 10 for an integrated luminosity of 100 fb −1 . Further detailed studies, which are beyond the scope of this work will have to be made to assess the detectability of these processes above the Standard Model backgrounds.
